INTRODUCTION
All building materials contain various amounts of natural radioactive nuclides. Materials derived from rock and soil contain mainly natural radionuclides of the uranium ( 238 U) and thorium ( 232 Th) series, and the radioactive isotope of potassium ( 40 K). In the uranium series, the decay chain segment starting from radium ( 226 Ra) is radiologically the most important and, therefore, reference is often made to radium instead of uranium (EC, 1999) . The knowledge of the natural radioactivity of building materials is important for the determination of population exposure to radiations, as most of the people spend ~80% of their time indoors (UNSCEAR, 1993) . High levels of radioactivity in construction materials can increase external and internal indoor exposure. Currently, a worldwide effort is underway to measure the activity concentrations in building materials. Ceramic tiles are one of the commonly used decorative building materials: they are made of a mixture of earthly materials that has been pressed into shape and fired at a high temperature. Ceramic tiles get their sanitary white appearance from zircon (ZrSiO 4 ). Dust-pressed ceramic tiles with water absorption levels <0.5%, and high mechanical and chemical characteristics are known as 'Fully Vitrified Stoneware' or 'Porcelain Stoneware'. Due to the addition of zircon, ceramic tiles can show natural activity concentration significantly higher than the average values of Earth's crust. This report contains a summary of results obtained on ceramic tiles collected over three years (2005) (2006) (2007) from several Italian manufacturing firms. Sixteen samples of porous fired tiles and seventy samples of porcelain stoneware tiles were analysed. The survey consisted of measurement of 226 Ra, 232 Th and 40 K activity concentrations, and of gamma-index and radium-equivalent calculation. The results of this investigation are compared with the findings of similar studies carried out in other countries.
MATERIALS AND METHODS

Gamma spectrometry measurements
Radionuclide activities were assayed by γ-ray spectrometry, using a hyperpure n-type germanium coaxial detector (22.6% efficiency, 1.9 keV resolution) coupled to a multichannel analyser. Commercial software Gamma Silena2000 was used for data analysis. Samples were dried, homogenized and packed in 450 ml Marinelli beakers. Samples were sealed for at least 21 days prior to analysis to allow for equilibrium between 226 Ra and 222 Rn. Count times were typically in the range 10,000 to 60,000 s, giving a measurement precision of between ca. ±5% and ±10% at the 95% level of confidence. The background was subtracted from each spectrum. The detector was calibrated using a mixed radionuclide solution, containing 
Activity concentration index calculation
A number of indexes dealing with the assessment of the excess gamma radiation originating from building materials have been proposed. In this study, the gamma-index was calculated as proposed by the European Commission (EC, 1999) . The Commission suggests that building materials should be exempted from all restrictions concerning their radioactivity if the excess gamma radiation originating from them increases the annual effective dose of a member of the public by 0.3 mSv at the most. On the contrary, doses higher than 1 mSv should be accepted only in some very exceptional cases, where materials are used locally. European Commission has proposed the following activity concentration index (I) for identifying whether a dose criterion is met: Table 1 . K activity concentrations in porous fired tiles and those averagely measured in soils shows that they are completely comparable. Instead, natural activity concentrations in porcelain stoneware tiles appear significantly higher than those averagely measured in soils, especially for 226 Ra. The higher natural activity concentrations found in porcelain stoneware tiles can be explained through the larger amount of zircon added with respect to porous fired tiles as reported, for example by Bruzzi et al. (2000) . The value of Ra eq of porous fired and porcelain stoneware tiles is ranging from 130 to 261 and 93 to 943 Bq kg -1 , respectively. The mean value of Ra eq for porous fired and porcelain stoneware tiles is 183±39 and 232±143 Bq kg -1 , respectively. From the results obtained, there's an evidence of considerable variations not only in the Ra eq of the two different types of tiles, but also within the same type. Large variation in Ra eq activities has been reported in many studies on natural radioactivity in building materials. Gamma index (I) has been found to be varying from 0.48 to 0.96 in porous fired tiles and 0.34 to 3.2 in porcelain stoneware tiles. The European Commission (EC, 1999) suggests that building materials should be exempted from all restrictions concerning their radioactivity if the excess gamma radiation originating from them increases the annual effective dose of a member of the public by 0.3 mSv at the most, corresponding to a gamma index ≤1 (See Table  1 ). On the contrary, doses higher than 1 mSv (corresponding to a gamma index >6) should be accepted only in some very exceptional cases, when materials are used locally. All porous fired tiles show gamma indices lower than 1. Twelve porcelain stoneware tiles show gamma indices higher than 1. None of the samples show a gamma index higher than 6. Activity concentrations and radium equivalent activities for porous fired and porcelain tiles are compared with results obtained by other authors in Table 2 . As it is possible to observe, activity concentrations of porcelain stoneware tiles result much higher than those reported by the other authors, and than those measured in porous fired tiles in this study.
